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We  study  the  relationship  between  the  underground  economy  and  ﬁnancial  development
in  a  model  of  tax  evasion  and  bank  intermediation.  Agents  with  heterogeneous  skills  seek
loans in  order  to  undertake  risky  investment  projects.  Asymmetric  information  between
borrowers  and lenders  implies  a menu  of  loan  contracts  that  induce  self-selection  in a sep-
arating  equilibrium.  Faced  with  these  contracts,  agents  choose  how  much  of their income
to declare  by  trading  off their  incentives  to offer  collateral  against  their disincentives  to
comply  with  tax  obligations.  The  key  implication  of  the  analysis  is that  the  marginal  net
beneﬁt  of  income  disclosure  increases  with  the level  of  ﬁnancial  development.  Thus,  in
accordance  with  empirical  observation,  we establish  the  result  that  the lower  is the  stage
of such  development,  the  higher  is  the  incidence  of  tax evasion  and  the  greater  is  the  size
of the  underground  economy.
Published by Elsevier B.V.
. Introduction
The underground economy is a pervasive feature of countries throughout the world. In one form or another, and to
 lesser or greater degree, it has existed, and continues to exist, in all societies. Known by many other names (e.g., the
idden, shadow, unofﬁcial, informal and black market economy), its effects on economic and social development can be
igniﬁcant and far-reaching as scarce resources are wasted or used inefﬁciently, as purposeful regulations are circumvented
nd undermined, as national accounts become inaccurate and incomplete, and as public ﬁnances deteriorate to the detriment
f public policy. Of course, the presence of an underground sector is simply a reﬂection of individuals’ incentives to conceal
Open access under CC BY license.heir economic activities, either because these activities would be less rewarding if practised in the formal sector, or else
ecause the activities are illegal to begin with. Understanding what factors might inﬂuence such incentives is an important
venue of research which we pursue in this paper.1
 This paper is based on work during Niloy Bose’s appointment at the National Science Foundation. Any opinions, conclusions and recommendations
xpressed in the paper are those of the authors and do not necessarily reﬂect the views of the National Science Foundation.
∗ Corresponding author at: Department of Economics, Bolton Hall 854, University of Wisconsin-Milwaukee, WI  53201-0413, USA. Tel.: +1 414 229
132.
E-mail  address: nbose@uwm.edu (N. Bose).
1 As indicated by these opening remarks, we  use the term underground economy to refer to unreported activities that in one way or another contravene
fﬁcial rules and procedures. There are, of course, other activities that go unrecorded but that are perfectly legitimate (such as home production).
167-2681 Published by Elsevier B.V.
ttp://dx.doi.org/10.1016/j.jebo.2012.05.019
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By its nature, the underground economy is difﬁcult to study empirically. Nevertheless, there has been a good deal
of progress on ascertaining data and developing techniques for quantifying its size and importance. Whilst different
approaches yield different estimates, the general conclusion is that the extent of informal economic activity is substan-
tial. For example, Schneider and Enste (2002) report that, over the period 1988–2000, the average size of the shadow
economy as a proportion of GDP ranged between 14–16 percent in OECD countries; the equivalent numbers for devel-
oping countries were much higher at 35–44 percent, and in some cases reached the staggering ﬁgure of 70 percent or
more.2
For the most part, the key factors put forward as inﬂuencing underground activity have been related to aspects of
public policy and public administration.3 Included amongst these are the burdens of taxation and social security contri-
butions, the complexity and arbitrariness of the tax system, the extent of bureaucracy and regulations, and the incidence
of corruption and rent-seeking (e.g., Friedman et al., 2000; Johnson et al., 1998a,b; Loayza, 1996; Schneider and Enste,
2000, 2002; Schneider and Neck, 1993). Without undermining the importance of any of these, our focus in this paper
is on another, quite different, factor that has received rather less consideration – namely, the level of ﬁnancial develop-
ment. By way of motivating this, we draw attention to two recent studies which provide compelling evidence that the
functioning of ﬁnancial markets has an important role to play in inﬂuencing informal behaviour. In La Porta and Shleifer
(2008) the possible determinants of such behaviour are investigated using six measures of underground activity based
on both survey data and observable variables for samples of between 57 and 145 countries. It is found that each of the
measures displays a robust negative correlation with the availability of private credit and also with individuals’ subjec-
tive assessment of their access to credit. In Dabla-Norris et al. (2008) a similar investigation is conducted using the survey
responses of over 4000 registered (formal sector) ﬁrms in a sample of 41 countries. It is found that for a ﬁrm which views
ﬁnancing as a major obstacle, there is a 16 percent probability that 50 percent of its sales will not appear on its books,
whilst for a ﬁrm which views ﬁnancing as a minor obstacle, the same level of informality occurs with less than half this
probability.
Generally speaking, there are two ways of thinking about the manner in which credit market conditions might affect
the size of the shadow economy. The ﬁrst is to view a lack of ﬁnancial development as creating incentives for individuals
to operate exclusively in the informal, rather than the formal, sector. Those who make this choice may  be able to exempt
themselves from ofﬁcial rules and regulations (e.g., red tape and tax obligations), but only at the cost of sacriﬁcing all the
beneﬁts of operating legally. The second is to view a lack of ﬁnancial development as giving similar encouragement to
individuals to exploit the existence of an informal sector, but to do so whilst still conducting business in the formal sector.
These different types of behaviour are based on different sets of trade-offs facing individuals. Both types are common in
practice and it is important to understand each one.
As yet, there are relatively few theoretical analyses that provide fully worked-out examples of how the extent of under-
ground activity might be connected to the functioning of ﬁnancial markets. Moreover, of those that exist, most are primarily
concerned with the ﬁrst of the above mechanisms, whereby individuals make an all-or-nothing choice between formal and
informal behaviour. Thus Straub (2005) develops a model in which agents decide whether to participate in the formal or
informal credit market, where the former entails a higher cost of entry, a lower punitive penalty for defaulting and a lesser
degree of informational asymmetry between borrowers and lenders. In partial contrast, Antunes and Cavalcanti (2007)
present a framework in which agents choose to become either workers or entrepreneurs, where the latter involves a further
choice of operating in the formal or informal sector, and where the former of these is now assumed to entail both higher
entry costs and higher punitive penalties (together with tax obligations). Finally, Quintin (2008) constructs a model in which
agents decide between formal and informal sector participation, where the latter allows the opportunity to evade taxes but
excludes access to ofﬁcial means of contract enforcement. The distinction between formal and informal credit markets has
also been utilised in other (related) contexts. For example, Gordon and Li (2005) have used it to provide an explanation for
the tax structures in developing countries, where ﬁrms are able to avoid tax payments by shifting entirely to cash trans-
actions and withdrawing from the formal ﬁnancial sector in the process. Each of these analyses shows how the extent of
underground activity can be inﬂuenced by credit market conditions that affect individuals’ preferences for behaving one
way or another.4
In the analysis that follows we depart from the assumption that individuals must strictly choose between formal and
informal sector participation. We  also move away from the idea that an individual who  opts for informality must sacriﬁce all
the beneﬁts of behaving formally. Instead, we consider an alternative scenario in which agents confront a different type of
trade-off. Assuming that everyone faces the same tax obligations and seeks access to the same credit market, we  investigate
2 Examples of the latter include Egypt, Thailand and Nigeria, for which the underground economy during 1998–1999 was estimated to be 69, 70 and
77  percent of ofﬁcial GDP, respectively. Amongst the developed countries, Greece and Italy share the distinction of having the largest shadow economies,
estimated to be in the region of 27–29 percent of GDP during 1998–1999.
3 For a comprehensive discussion of these (and other) factors, see Schneider and Enste (2000).
4 One other related analysis is that of Dabla-Norris and Feltenstein (2005) who  construct a computable dynamic general equilibrium model for the
purpose of estimating the impact of taxes on underground activity (and other macroeconomic phenomena) in Pakistan. Their numerical results indicate
that,  in the presence of credit market imperfections, an increase in corporate taxation may  not only cause ﬁrms to operate underground but, in doing so,
may  also lead to a reduction in the amount of collateral in the formal sector and, with this, a reduction in the volume of loans and subsequent investments
in  that sector.
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he extent to which ﬁnancial development may  inﬂuence agents’ incentives to participate in the shadow economy by under-
eporting their incomes (in order to evade taxes), whilst still doing business in the formal sector. This is the second of the
otential mechanisms that we alluded to previously and that has hitherto received relatively little attention. The type of
landestine behaviour on which we focus is more than evident in practice. For example, according to the US Internal Revenue
ervice (2006),  under-reported income amounted to a staggering 285 billion dollars of lost revenue for the Department of
reasury during 2001. Equally astonishing is the estimated 30 billion dollars of revenue that was lost in the same year through
on-compliance in corporation income tax, a ﬁgure that Slemrod (2007) calculates to be equivalent to a non-compliance
ate of 17 percent. These numbers are likely to be even higher for less developed countries, where corruption can be rampant
nd the infrastructure of tax collection can be poor. This is evidenced in Silvani and Brondolo (1993) who compute estimates
or the evasion of value-added tax in a sample of 19 (mostly) developing countries, reporting a median evasion rate of 31.5
ercent.
Our analysis seeks to explain the connection between shadow market activity and credit market development using
 simple model of tax evasion and ﬁnancial intermediation. The basic idea is as follows. Suppose that individuals would
ike to undertake some investment project, but that the cost of doing so is greater than their current income or wealth
o that external ﬁnance is needed. This ﬁnance is acquired from banks according to the terms and conditions of optimal
oan contracts. Asymmetric information between borrowers and lenders leads to a menu of such contracts that stipulate
ot only the rate of interest charged on loans, but also the probability that a loan will be granted (implying the possibility
f credit rationing). Faced with these arrangements, an individual submits a loan application which requires her to decide
ow much of her current wealth to declare, or how much of it to conceal, by trading off the costs and beneﬁts of this.
llowing for such a choice is an important departure from existing analyses (alluded to above) which commonly assume
hat agents passively put up all of their wealth as collateral. In addition to this, we depart from most other approaches in our
odelling of the costs of informality. Typically, these costs are speciﬁed in terms of exclusion from certain public goods and
ervices (e.g., social infrastructure, property rights and the justice system), together with the possibility of ﬁnes, incarceration
nd other such punishments. In our case the costs are related to the functioning of ﬁnancial markets. Speciﬁcally, the
ore wealth that an individual hides, the less collateral she has to offer for securing a loan and the worse are the terms
nd conditions of the loan contract made available to her. Signiﬁcantly, this deterioration in credit arrangements is more
ronounced at lower levels of ﬁnancial development (as measured by higher costs of ﬁnancial intermediation). As regards
he beneﬁts of informality, an individual who invests any part of her wealth in the shadow economy can avoid some of her tax
bligations and earn a black market rate of return on her investment. For reasons alluded to later, we  assume that this return
s diminishing in the total volume of funds deposited in the black market. This means that there are interactions between
ax evaders as each one’s participation in this market imposes a negative externality on others. As such, an individual’s
ncentive to engage in tax evasion may  depend importantly on the aggregate incidence of this activity (i.e., how many
ther individuals are investing in the shadow economy). Against this background, we  show that the marginal net gain from
reater wealth disclosure increases with the level of ﬁnancial development. Accordingly, we establish the result that the
ower is the stage of such development, the higher is the extent of tax evasion and the greater is the size of the underground
conomy.
Whilst the primary objective of our analysis is to shed further light on the determinants of underground activity, our
esults may  be viewed within the broader context of the potential linkages between the real and ﬁnancial sectors of an
conomy. Over the past decade or so, a substantial body of research has been directed towards understanding such linkages,
dentifying channels through which ﬁnancial market development can shape an economy’s growth prospects. Out of this
esearch has emerged a general consensus that ﬁnancial development is conducive to growth because of the opportunities
t creates for borrowers and lenders to increase both the volume and productivity of investment. These opportunities may
rise for a number of reasons, such as a greater capacity to pool risks, an improvement in the quality of information and a
eduction in the costs of transactions. Based on the evidence alluded to earlier, together with the analysis that follows, this
aper suggests another, quite different, channel through which ﬁnancial development may foster economic performance –
amely, the shrinkage in the size of the shadow economy.
The remainder of the paper is organised as follows. Section 2 sets out the basic framework. Section 3 presents the
olution to banks’ optimal loan contracting problem. Section 4 presents the solution to individuals’ optimal tax evasion
roblem. Section 5 reveals the equilibrium outcomes that transpire from these solutions. Section 6 contains a few concluding
emarks.
. The basic set-up
We consider a small open economy in which there is a countably inﬁnite number of agents measuring a size of unit mass.
gents are identical in terms of their preferences, endowments of wealth and production opportunities, but may  differ
ccording to their abilities and skills. These attributes, which are bestowed randomly, determine an agent’s performance
n productive activity that reﬂects a choice of project, or occupation, which gives access to a technology for generating
utput. For certain types of project to be undertaken, loans must be acquired from ﬁnancial intermediaries under the terms
nd conditions of mutually agreeable loan contracts. Agents are obliged to pay taxes on all sources of income at a rate
etermined exogenously by the government. There are two main sources of imperfection in the economy – an imperfection
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in ﬁnancial markets due to asymmetric information between borrowers and lenders, and an imperfection in governance
due to asymmetric information between tax payers and tax collectors. In more detail the model is described as follows.
Agents are risk neutral, deriving linear utility from consumption of various income streams that are realised at the end of
the period. One source of income is an initial asset endowment, A > 0, that pays a gross rate of return of  ˛ > 1 with certainty.
The value of this asset is private information, as is the income, ˛A, that it yields.5 Other sources of income are production (or
investment) projects, of which there are two types. The ﬁrst type involves the use of some basic (traditional) technology in
some routine activity that is costless and riskless: this is a safe occupation that requires zero capital outlay and that yields
a ﬁxed amount of income with certainty. The second type entails the operation of a more advanced (modern) technology
in a more speculative venture that is expected to be more productive but which is also costly and subject to uncertainty:
this is a risky occupation that requires K units of capital outlay and that yields a stochastic rate of return. The payoffs from
both projects depend on an agent’s abilities and skills that are drawn randomly from a known probability distribution
which accounts for agent heterogeneity. Speciﬁcally, an agent faces the prospect of being either high-skilled (type-H) with
probability p ∈ (0, 1) or low-skilled (type-L) with probability 1 − p.6 The realised distribution of skills is private information
to agents. Those who turn out to be high-skilled enjoy a greater expected income from each type of project than those who
turn out to be low-skilled: for the safe project, the former produce sH > 0 units of output, whilst the latter produce sL ∈ (0,
sH) units; for the risky project, the former earn a rate of return of  > 1 with probability qH ∈ (0, 1) and a rate of return of
zero with probability 1 − qH, whilst the latter earn the same returns with alternative probabilities qL ∈ (0, qH) and 1 − qL. The
greater expected income from the risky project is captured by the restriction qiK > si (i = H, L), and the greater productivity of
high-skilled agents is reﬂected in the features sH > sL and qH > qL. To save on notation in our subsequent analysis, we normalise
sL = 0 and qH = 1.
Since all income is realised at the end of the period, an agent who  wishes to take on the risky project must acquire
external ﬁnance to the tune of K. Such ﬁnance is acquired from competitive ﬁnancial intermediaries (banks) that have access
to a perfectly elastic supply of loanable funds at the exogenous world (gross) interest rate, r. For reasons given below,
equilibrium loan contracting involves different types of agent being offered different terms and conditions on borrowing,
including different rates of interest on loans. We  denote by Ri the gross rate of interest charged to an agent of type-i. With
probability qi, the risky enterprise is successful and the agent pays back her loan to earn a ﬁnal project income of ( − Ri)K.
With probability 1 − qi, the enterprise fails and the agent goes bankrupt, earning a ﬁnal project income of zero.
Agents are obliged to pay taxes on both their asset and project incomes at the proportional rate t ∈ (0, 1). We  assume that
the value of the asset endowment, A, is known only to agents, each of whom has an opportunity to evade part of her tax
liabilities by misreporting her initial wealth. We  denote by  ∈ [0, 1] the fraction of this wealth that an agent declares, the
remaining fraction, 1 −  , being undeclared. By behaving in this way, the agent proclaims to the government that she has
˛A amount of asset income on which she is liable to pay tax. To a greater or lesser extent, the under-reporting of income to
tax authorities is a common practice across countries, as is the custom of lenders to seek evidence of the incomes/wealth in
the tax returns ﬁled by potential borrowers.7 In our case, since  ˛ is public information, an agent who declares ˛A amount
of asset income is able to legitimise her ownership of A amount of assets which she can then use as collateral for securing
a loan to run the risky project. This creates an incentive for the agent to declare at least some of her assets. Allowing agents
to choose how much wealth to declare and modelling the way in which this choice might be shaped by the level of ﬁnancial
development is an important departure from existing analyses. It is worth mentioning that our assumption that only asset
income is concealable is made solely for convenience and for highlighting the role of collateral in inﬂuencing the incentives
to engage in tax evasion. Since the income from projects is realised at the end of the period, hiding any of this income has
no consequences for the amount of collateral and is therefore irrelevant for our analysis. In fact one could allow agents to
conceal any arbitrary fraction of their project incomes without altering the basic message of the paper. For this reason, we
prefer to simplify the analysis by assuming that project income is fully observable and liable to taxation.
We assume that an agent can successfully conceal the undeclared fraction of her wealth by investing it in the shadow
economy at a black market gross rate of return of  > 1. This return is exogenous to the agent, but endogenous to the shadow
economy as whole: that is, its value is determined by the aggregate level of black marketeering activity. As mentioned
previously, this feature plays an important role in our analysis, being one link in the chain that connects the size of the
informal sector to the state of ﬁnancial development. We  shall return to it later. For now, we merely note that an agent’s
ﬁnal income from her underground investment is (1 − )A on which she does not pay any tax. It will be observed that,
according to our description of events, an agent’s subterfuge in disposing of her undeclared income allows her to evade taxes
with complete conﬁdence of impunity. This feature is merely another simpliﬁcation, though it is probably near the mark for
many developing countries, where the will and wherewithal to ﬁght such practices are relatively weak. It is straightforward
5 The assumption that A is the same for all agents is made for simplicity. Our results would not change were we to consider a distribution of A across
agents.
6 An alternative description of events is to assume that agents are endowed with identical abilities, but are randomly allocated projects with different
(high  and low) risk characteristics.
7 For example, it is often the case that a potential borrower in the US must submit copies of the past 2–3 years’ of tax returns and/or W2  as evidence of
earnings and sources of earnings.
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o show that our results would not change if one was to assume that agents face a risk of being caught as a consequence of
ome imprecise government monitoring.
This completes our description of the environment. Decision making takes place as follows. Prior to realising their skills
nd project returns, agents choose how much of their initial wealth to declare so as to maximise their expected utility,
ubject to the ﬁnancial contracts offered by intermediaries. Subsequently, the distribution of skills is revealed privately to
gents who then apply for loans. Given this private information, together with the part disclosure of wealth, intermediaries
et the terms and conditions of contracts in agents’ best interests, whilst ensuring that appropriate constraints on behaviour
re observed. Out of their realised ﬁnal incomes, agents pay off any loans and tax liabilities before consuming the remainder.
he equilibrium outcomes that transpire from these decisions are determined by solving backwards through the sequence
f events – a matter to which we now turn.
. Financial contracts
The precise functioning of the credit market is as follows. At the beginning of the period, lenders are approached by
rospective borrowers with a request for funding to undertake risky investment projects. A contract is offered, acceptance
f which implies a binding agreement that commits a lender to making a loan of size of K, and a borrower to making a
ubsequent repayment of this loan. A lender’s information at this stage includes an agent’s declared value of her initial
ealth, A, together with the corresponding future income, ˛A. Importantly, it does not include separate observations of 
nd A, meaning that the lender is unaware of the agent’s true wealth status and must therefore design a contract based only
n what has actually been declared. Other information available to lenders includes the ex ante distribution of borrower
ypes, p, the income from a borrower’s outside opportunity, si, the expected income from project investment, qiK and the
ost of funds, r.
In practice, banks and other ﬁnancial institutions incur various costs in conducting their operations, such as transactions
osts associated with the management of asset portfolios and the provision of liquidity services, and agency costs associated
ith the processing of information, the enforcement of contracts and the screening and monitoring of borrowers (e.g.,
iamond, 1984; Fama, 1980; Gurley and Shaw, 1960). For the purposes of the present analysis, we  consolidate these into a
ingle composite cost of intermediation, denoted by ı > 0, which serves as our indicator of ﬁnancial development. The general
onsensus is that this cost is higher in less advanced economies, where ﬁnancial markets are less mature and institutional
tructures are less established. Two empirical measures of intermediation costs are banks’ overhead expenditures as a
roportion of total assets and banks’ net interest rate margin (deﬁned as the difference between the interest income and
nterest cost per unit of interest-bearing loans).8 It is well-documented that both measures tend to be higher in lower states of
nancial development, as typiﬁed by the predominance of banks that operate on a relatively small scale, that hold relatively
mall amounts of capital and that are subject to relatively tight regulations (e.g., Demigurc-Kunt et al., 2003). Accordingly,
e interpret lower values of ı as corresponding to improvements in the efﬁciency of the ﬁnancial system.
The design of ﬁnancial contracts is made complicated by the fact that intermediaries are unable to observe the true
kill characteristics of agents. From the perspective of lenders, low-skilled agents are more risky than high-skilled agents.
e assume that the population of the former is sufﬁciently large as to allow banks to design contracts in such a way that
nduces separation of their clients. The possibility of doing this arises from the fact that different borrower types receive
ifferent payoffs from their outside opportunity of running the safe project. This feature means that the indifference curves
f high-skilled and low-skilled agents satisfy the single crossing property which enables intermediaries to distinguish the
wo types by offering a menu of contracts that encourages self-selection in a separating equilibrium.9 Following others (e.g.,
encivenga and Smith, 1993; Bose and Cothren, 1996), we assume that each of these contracts is represented by a pair,
i = {Ri, i} (i = H, L), where Ri is recalled to be the (gross) interest rate charged on a loan to an agent of type-i and i ∈ [0,
] is the probability that credit will be approved to an agent of type-i. The contracts are designed in such a way that, in
quilibrium, they are consistent with both individual rationality and incentive compatibility.10
We  assume that intermediaries operate in a competitive environment, and that the terms and conditions of available
oan contracts are public knowledge.11 As such, an intermediary is approached by an agent only if the contract that it offers
s not dominated by the contracts offered by its competitors. In the event that a loan is granted, the bank incurs the cost of
ntermediation, ı, and earns an income that depends on whether or not the risky project succeeds: if so (i.e., with probability
i), the bank is paid back in full, receiving RiK in loan repayment; if not (i.e., with probability 1 − qi), the bank recovers part
8 The former of these is considered to be a more direct measure since the latter, as well as reﬂecting overhead costs, might incorporate other factors,
uch  as regulatory and institutional hurdles in transferring loanable funds to borrowers.
9 As shown by Rothschild and Stiglitz (1976), this is the only equilibrium under the circumstances that we  have described.
10 Of course, the returns to investment must exceed the value of outside opportunities for both borrowers and lenders. We assume this to be the case
hroughout our analysis.
11 Given the informational asymmetry between borrowers and lenders, we seek to keep other aspects of ﬁnancial markets as simple as possible. To this
nd,  we use a perfectly competitive framework, as adopted in many other analyses of credit market frictions (e.g., Azariadis and Smith, 1993; Bencivenga
nd  Smith, 1993; Bernanke and Gertler, 1989; Bose and Cothren, 1996; Diamond, 1984). In doing so we  abstract from considerations such as barriers to
ntry, differentiated ﬁnancial services and exogenous mark-ups, the inclusion of which would merely add unnecessary complications and distract attention
way  from our main focus.
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of its loss by appropriating a borrower’s collateral, ˛A. It follows that an intermediary’s expected income from lending to
an agent of type-i is qiRiK + (1 − qi)˛A. Accordingly, the zero proﬁt condition for intermediaries is given by
qiRiK + (1 − qi)˛A = rK + ı, (1)
where qH = 1.
The problem for an intermediary is to design each contract, Ci = {Ri, i}, by choosing Ri and i so as to maximise agents’
expected utilities, subject to the zero proﬁt condition in (1) and appropriate incentive compatibility constraints. The solution
to this problem is summarised as follows.
Proposition 1. Assume that ( −RH)K > sH and ˛A < rK + ı. Then the equilibrium separating contracts are characterised by
RH =
rK + ı
K
, H =
(qL − r)K − ı + (1 − qL)˛A
qL[( − r)K − ı]
, (2)
RL =
rK + ı − (1 − qL)˛A
qLK
, L = 1. (3)
Proof. The expression for each Ri is given immediately by the zero proﬁt condition in (1) (where qH = 1). To determine the
associated i, proceed as follow. An agent of type-i derives an expected utility of Vi(Ci) = [qii( − Ri)K + (1 − i)si](1 − t) from
the contract offer of Ci = {Ri, i} (where qH = 1 and sL = 0). The ﬁrst term in [ · ] gives the net payoff from the risky project,
( − Ri)K, when a loan is granted (which occurs with probability i) and when the project is successful (which occurs with
probability qi). The second term in [ · ] gives the payoff from the safe project, si, when a loan is not granted (which occurs
with probability 1 − i). In each case the agent pays taxes, t, on her income. Let CFi denote the ﬁrst-best contract that an
agent of type-i would receive under full information. For each of these contracts, i = 1 and Ri is determined as above. Given
that ˛A < rK + ı, then RH < RL, implying that VL(CFH) > VL(C
F
L ) and VH(C
F
H) > VH(C
F
L ). Suppose that lenders were to offer C
F
i
in
the presence of asymmetric information (as exists in the model). Clearly, there would be no incentive for high-skilled agents
to reject CFH in favour of C
F
L by pretending to be low-skilled agents. Thus, in order to induce self-selection, lenders do not
need to distort the contract for the low-skilled types, but are able to offer this group its ﬁrst-best choices of RL and L (as
summarised in (3)). The contract for the high-skilled group is then determined by solving the following problem:
max
H
VH(CH) = [H( − RH)K + (1 − H)sH](1 − t), (4)
s.t. qL( − RL)K(1 − t) ≥ HqL( − RH)K(1 − t), (5)
0 ≤ H ≤ 1. (6)
The constraint in (5) is the incentive compatibility condition for low-skilled agents, which requires that the expected
utility from accepting CFL is no less than the expected utility that could be obtained from CH by pretending to be high-skilled
(i.e., VL(CFL ) ≥ VL(CH)). Given that ( − RH)K > sH, it is straightforward see that this constraint is binding: since VH(CH) is strictly
increasing in H, intermediaries will set this probability at the highest possible value, which is the value that makes (5) hold
with equality, given the setting of each Ri. High-skilled agents are therefore offered a combination of RH and H that departs
from their ﬁrst-best choice (as revealed in (2)). 
In summary, the contractual interest rate is determined directly by lenders’ zero proﬁt condition, which reﬂects the fact
that any contract yielding positive proﬁts cannot survive in a competitive equilibrium. The restriction ˛A < rK + ı, which
implies that RH < RL, is necessary to make our analysis non-trivial (since in the absence of this restriction intermediaries
would face no risk in lending). As it is, the restriction is necessarily satisﬁed by virtue of a similar condition that we  impose
later (i.e., ˛A < rK + ı). With respect to the determination of i, intermediaries induce separation of low-skilled and high-
skilled agents by offering the former their ﬁrst-best contract (whereby each one of them is granted a loan with certainty)
and presenting the latter with a distorted contract (whereby a fraction of them are credit rationed).12 That separation is
achieved at the expense of high-quality clients follows simply from the incentive compatibility condition and is a standard
result in the adverse selection literature.
An important implication of the above results is the following.
Corollary 1. The probability that a high-skilled agent will be given a loan is greater the lower is the cost of ﬁnancial intermediation
and the higher is the agent’s declared value of wealth
Formally, ∂H
∂ı
< 0 and ∂H
∂
> 0. The reason is that, as the cost of intermediation declines, or as the declared value of
wealth increases, the interest rate charged to low-skilled agents falls by more than the interest rate charged to high-skilled
agents; this makes the contract offered to the latter less attractive to the former and thereby provides an opportunity for
intermediaries to reduce the incidence of credit rationing whilst maintaining incentive compatibility.13
12 The same parameter restriction as before, ˛A < rK + ı, ensures that H ∈ (0, 1).
13 The results are straightforward to see from our previous expressions. That RL falls by more than RH is evident from (2) and (3).  Given this, then strict
equality of (5) implies an increase in H .
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. Tax evasion
The foregoing analysis reveals how the equilibrium arrangements for borrowing and lending are inﬂuenced by the
eclared asset position of agents. The greater is the initial wealth that agents reveal, the greater is the collateral that can be
sed as security against a loan and the better are the terms and conditions of loan contracts. At the same time, revealing more
ealth means that agents expose themselves to a higher burden of taxation. An agent’s disclosure (or concealment) of her
ealth status is therefore a decision that involves optimising a trade-off. The agent solves this problem with the knowledge
f the contracts on offer, but without the knowledge of which contract she will actually be presented with as her skill type
s not realised until subsequently.
The circumstances facing agents are summarised as follows. Each agent pays the same tax rate, t, on all sources of income,
xcept the income from undeclared wealth. With probability i, an agent of type-i acquires a loan to run the risky project.
he project succeeds with probability qi and fails with probability 1 − qi. In the event of the former, the agent earns a net
isposable income of (1 − t)( − Ri)K from the project, plus a net disposable income of (1 − t)˛A from her declared asset
ndowment, plus an income of (1 − )A from her undeclared endowment. In the event of the latter, the agent earns only the
ast of these incomes, (1 − )A. With probability 1 − i, an agent of type-i is denied a loan. In this case the agent receives an
fter-tax income of (1 − t)si from running the safe project, plus an after-tax income of (1 − t)˛A from her reported wealth,
lus an income of (1 − )A from her unreported wealth. Collecting terms together and setting L = 1 (along with sL = 0 and
H = 1), we may  write the expected utility of a high-skilled and a low-skilled agent as
E(UH) = (1 − t)[H( − RH)K + (1 − H)sH + ˛A] + (1 − )A, (7)
E(UL) = (1 − t)[qL( − RL)K + ˛A] + (1 − )A. (8)
An agent’s choice of how much of her initial wealth to declare is a choice of the value of  . As indicated above, this
ecision is made prior to the agent realising her skills, but in the knowledge of the contracts that will be available. Since
he probability that an agent will turn out to be high-skilled (low-skilled) is p (1 − p),  is chosen so as to maximise U =
E(UH) + (1 − p)E(UL), given that Ri and i are determined according to (2) and (3).
The behaviour of an agent is straightforward to deduce and we summarise it as follows.
roposition 2. Let F(ı) ≡ (1 − t)p[( − r)K − ı − sH] ∂H∂ and G() ≡ [ − (1 − t)˛]A. Then assuming that ˛A < rK + ı, an agent
ill optimally choose  = 1 if F(ı) > G() and  = 0 if F(ı) < G() .
roof. Using (7) and (8),  together with (2) and (3),  an agent’s decision problem may  be stated as
max

U = (1 − t){p[H(( − r)K − ı − sH) + sH] + (1 − p)[(qL − r)K − ı] + ˛A} + (1 − )A. (9)
It follows that
∂U
∂
= (1 − t)p[( − r)K − ı − sH]
∂H
∂
−  [ + (1 − t)˛]A
= F(ı) − G().
(10)
The result in (2) implies that H ∈ (0, 1), ∂H∂ > 0 and F(ı) > 0 for all  up to max =
rK+ı
˛A , at which point and beyond H = 1
nd ∂H
∂
= F(ı) = 0. Assume that ˛A < rK + ı, so that max > 1. For the case in which F(ı) > G(), ∂U∂ > 0 for  < max and
∂U
∂
< 0
or  > max, implying that the agent will set  = 1, its maximum value. For the case in which F(ı) < G(), ∂U∂ < 0 for all  ,
mplying that the agent will set  = 0, its minimum value. 
As before, the above results have a straightforward intuition. By declaring more wealth (i.e., by increasing ), an agent
ncurs both a gain and a loss. The former is captured by the term F(ı) and represents the marginal beneﬁt of putting up more
ollateral, which is the beneﬁt from the reduction in risk faced by lenders and the consequent improvement in the terms and
onditions of the loan contract. The latter is given by the term G() and corresponds to the marginal cost of investing more
ealth in the formal sector, which is the cost of both a higher burden of taxation and the foregone interest income from
he informal sector. Depending on which is greater, the agent will set  at either its maximum or minimum value, implying
ither full or zero disclosure of her asset endowment and therefore either full or zero compliance with her tax obligations
n asset income. The restriction ˛A < rK + ı is relevant for the case in which F(ı) > G(), where it is observed that an agent’s
xpected utility is linearly increasing (decreasing) in  up to (beyond) a critical level, max = rK+ı˛A . The restriction implies
hat max > 1 which is not a feasible choice since the agent would be claiming to have more wealth than A – a claim that she
ould need to substantiate (but never could) when putting up her collateral.
In presenting the above results we have singled out two  key parameters that may  inﬂuence an agent’s behaviour –amely, the cost of ﬁnancial intermediation, ı, and the return on underground investment, . These are seen to impact on
he expected gains and losses from the disclosure of wealth. In particular, we make the following observation.
orollary 2. The marginal beneﬁt (cost) to an agent of disclosing more wealth is higher the lower (higher) is the cost of ﬁnancial
ntermediation (return on underground investment).
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Formally, F′(ı) < 0 and G′() > 0. The effect of ı is explained by the fact that a lower cost of intermediation makes the
terms and conditions of loan contracts more attractive to agents. As such, agents have a stronger incentive to put up more
collateral (i.e., to declare more wealth) in order to improve their chances of acquiring a loan. The effect of  is simply that a
higher return from investing in the informal sector means a higher opportunity cost of investing in the formal sector. The
incentive to do the former (i.e., to conceal more wealth) is therefore greater.
5. Aggregate outcomes
The results obtained above establish conditions under which an individual agent will seek to evade some of her tax
obligations. These conditions depend on economy-wide factors that are relevant to all agents. One of these – the cost of
intermediation – provides a measure of ﬁnancial development. For the purposes of the present paper, we  treat this as
exogenous since our principal focus is on the causal role played by ﬁnancial markets in governing events elsewhere in the
economy. By contrast, the other economy-wide factor – the return on underground investment – is an outcome that we  treat
as being determined endogenously on the basis of the aggregate behaviour of individuals. The effect of this is to introduce
important interactions between agents, as the following analysis intends to reveal.
A plausible assumption is that the rate of return earned in the informal sector is a decreasing function of the total volume
of funds channelled into that sector. One justiﬁcation for this is simply the existence of diminishing returns to informal
productive activity: as more resources are devoted to such activity, the marginal gains from it decline. An alternative,
more elaborate, motivation is as follows. Suppose that agents’ subterfuge in concealing their income requires assistance
from some other individuals who specialise in this type of practice. These individuals are experts at directing funds into
areas where they are difﬁcult to trace by the government, such as the underground economy and overseas bank accounts.
In return for this service an agent must pay a commission which increases with the total amount of funds being laun-
dered because of the greater difﬁculty and greater costs of doing this. As before, the agent’s net return on her own hidden
income is lower the larger is the total amount of such income. Whichever way  one chooses to motivate the assumption,
the key implication is that there is an interdependence between individual and aggregate behaviour as any agent who
participates in underground activity contributes to a small reduction in the rewards from this activity, an effect that is
translated into a large negative externality for all such participants, whose incentives to actually behave in this way are duly
affected.14
We  capture the above ideas as follows. Denote by  ∈ [0, 1] the fraction of agents who set  = 0 so that the total volume
of undeclared wealth invested in the shadow economy is A. Each agent then receives a black market return which is a
decreasing function of these total hidden funds: that is,  = ̂(), where ̂′() < 0. Given this, together with our previous
results, we now proceed to determine the equilibrium outcomes in the economy.
We  begin by deﬁning 0 = ̂(0) and 1 = ̂(1), which are the respective rates of return in the informal sector when every
agent and no agent discloses her initial wealth. Evidently, 0 > 1. The corresponding marginal costs of disclosure are G(0)
and G(1), where G(0) > G(1). Let ı0 and ı1 be the values of ı for which G(0) = F(ı0) and G(1) = F(ı1), respectively. Since
the marginal beneﬁt of disclosure, F(ı), is a monotonically decreasing function, and since G(0) > G(1), it follows that ı0 < ı1.
These critical, or threshold, levels of ﬁnancial development represent boundaries between regions where the incentive to
conceal wealth and evade taxes is either present or absent. We  are now in a position to establish our main result which we
illustrate in Fig. 1.
Proposition 3. The equilibrium fraction of tax-evading agents is given by the following: (i)  = 1 for ı > ı1; (ii)  = 0 for ı < ı0;
and (iii)  = ̂(ı) ∈ (0,  1) for ı ∈ (ı0, ı1), where ̂′(ı) > 0.
Proof. Suppose, ﬁrst, that ı > ı1, in which case F(ı) < G(1) < G(0). Consider a proﬁle of behaviour where all agents choose
 = 0 so that  = 1 (corresponding to  = 1). Since F(ı) < G(1), no agent has an incentive to deviate from this choice. To
establish that this is a unique equilibrium, consider the opposite proﬁle where all agents choose  = 1 so that  = 0 (cor-
responding to  = 0). Since F(ı) < G(0), it is optimal for each agent to deviate from this choice, implying that  = 0 cannot
exist as an equilibrium. Next, suppose that ı < ı0, in which case F(ı) > G(0) > G(1). By a similar argument, there is a unique
equilibrium in which all agents set  = 1: no agent has an incentive to deviate from this (since F(ı) > G(0)), whilst each agent
has an incentive to deviate from  = 0 if all other agents are choosing  = 0 (since F(ı) > G(1)). Finally, suppose that ı ∈ (ı0,
ı1), in which case G(1) < F(ı) < G(0). If all agents were to choose  = 0, then it would be optimal for each one to deviate and
set  = 1 (since G(1) < F(ı)). Likewise, if all agents were to choose  = 1, then it would be optimal for each one to deviate and
set  = 0 (since F(ı) < G(0)). Thus, neither  = 1 nor  = 0 can exist as an equilibrium. Consider, however, a  ∈ (0, 1) such that
0 > ̂() > 1 and G(0) > G[̂()] > G(1). Then there exists a unique value of this  which supports an equilibrium with
F(ı) = G[̂()]. Since F′(ı) < 0 and G′[̂()]̂′() < 0, then this  is an increasing function of ı, or  = ̂(ı) where ̂′(ı) > 0.

Based on the above, we are led to distinguish between three types of regime for an economy: the ﬁrst – a low ﬁnancial
development regime – is one in which the incidence of tax evasion is always at its maximum ( = 1) for any given value of
14 As indicated later, our main results can be established in a different way based on an alternative description of events.
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Fig. 1. Equilibrium tax evasion.
ı
o
a
m
ı
o
h
d
i
l
i
u
i
c
t
C
ﬁ
s

a
h
e
c
t
a
p
b
i
t above the higher threshold value, ı1; the second – a high ﬁnancial development regime – is one in which the incidence
f tax evasion is always at its minimum ( = 0) for any given value of ı below the lower threshold value, ı0. And the third –
n intermediate ﬁnancial development regime – is one in which the incidence of tax evasion is somewhere in between its
aximum and minimum ( ∈ (0, 1)), and decreases monotonically as ı decreases within the interval of the thresholds from
1 to ı0. The intuition is as follows.
Each agent chooses to disclose or conceal her initial wealth according to whether F(ı) > G() or F(ı) < G(). Whichever
f these conditions holds depends on the level of ﬁnancial development and the return on underground investment: the
igher is the former (i.e., the smaller is ı) the better are the terms and conditions of loan contracts (an inducement to
isclosure), whilst the higher is the latter (i.e., the greater is ) the more attractive is participation in the informal sector (an
nducement to concealment). For any ı > ı1, we have F(ı) < G(1) < G(0). In this case the level of ﬁnancial development is so
ow that it never pays an agent to declare her wealth, even if she is faced with the lowest possible return on underground
nvestment as a result of all other agents concealing their wealth. As such, each and every agent chooses to evade taxes in a
nique equilibrium from which there is no incentive to deviate. Conversely, for any ı < ı0, we have F(ı) > G(0) > G(1). In this
nstance the level of ﬁnancial development is so high that an agent is always better off by declaring her wealth, even if she
ould earn the highest possible return in the informal sector due to all other agents declaring their wealth. Consequently,
he only equilibrium from which defection will not occur is one in which each and every agent chooses not to evade taxes.
ontrasting these scenarios is the case of ı ∈ (ı0, ı1), for which we  have G(1) < F(ı) < G(0). In this intermediate range of
nancial development the beneﬁts from declaring and concealing wealth exactly offset each other in an equilibrium where
ome agents evade taxes and others do not. The fraction of tax evaders is the value of  that satisﬁes F(ı) = G(), where
 = ̂(). Since F′(ı) < 0, G′() > 0 and ̂′() < 0, a lower value of ı requires a lower value of  so as to preserve the marginal
gent’s indifference between compliance and non-compliance in tax regulations.15
It is worth mentioning that similar results could be obtained using an alternative version of the model based on agent
eterogeneity, rather than diminishing returns to black market investment. Suppose, for example, that agents are differ-
ntiated according to differences in their costs of concealing wealth, which may  be reﬂected in different net returns from
oncealment (i.e., differences in ), or different disutilities from some personal guilt, moral shame and social stigma attached
o such behaviour. This heterogeneity may  be captured in a distribution of G(), the marginal cost of wealth disclosure. For
ny given ı, one could then identify a ̂G() which satisﬁes F(ı) = ̂G() and which deﬁnes the critical agent for whom it just
ays to set  = 1. All other agents with G() < ̂G() would also be setting  = 1, whilst all others with G() > ̂G() would
e setting  = 0. As ı decreases (causing F(ı) to increase), ̂G() would increase, meaning that  = 1 would be chosen by an
ncreasing proportion of the population.
15 In terms of Fig. 1, lower values of ı ∈ (ı0, ı1) produce a movement along the F(ı) curve and an upward shift of the G[̂()] line such that a path of  is
raced  out along the points of intersection of the two loci (i.e., where F(ı) = G[̂()]).
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In summary, our analysis is able to explain the observed negative relationship between the level of ﬁnancial develop-
ment and the incidence of tax evasion. When the former is sufﬁciently low or sufﬁciently high, the latter is at its maximum
or at its minimum; when the former is somewhere in between, the latter is somewhere in between and decreases mono-
tonically as the efﬁciency of ﬁnancial markets improves. To the extent that ﬁnancial development occurs endogenously
as the economy, in general, develops, tax evasion may  be a temporary phenomenon that a government might be willing
to live with, especially if the costs of mitigating it are high. On the other hand, an economy that staggers in its process of
development may  ﬁnd itself permanently deprived of tax revenues that could otherwise be put to good causes. According
to our analysis, ﬁnancial development serves to combat the incentives to engage in tax evasion only above some threshold
level: if this threshold is not reached, then the underground economy will continue to thrive against a backdrop of ﬁnancial
repression.
6. Conclusions
The existence of a shadow economy has potentially serious implications for economic performance and public policy.
Activities conducted in this sector are neither protected nor regulated in the same way  that applies to activities in the formal
sector. Growth prospects can be compromised by encumbrances to doing business due to the lack of social infrastructure.
Public ﬁnances can suffer as the tax base shrinks, thus weakening the government’s capacity to generate revenue. And policy
makers’ assessments and recommendations can be prone to greater error because of the poorer quality of ofﬁcial statistics.
For these and other reasons, the size of the informal sector is a matter of non-trivial concern and an important task is to
understand what factors might inﬂuence it.
Informality in an economy is a reﬂection of individuals’ incentives to conceal their activities or circumstances. This may
take various forms, ranging from full participation in the underground sector (e.g., working exclusively in the shadow labour
market) to more subtle clandestine practices (e.g., misreporting income and hiding investments). In this paper we have
focused on the latter by considering a situation in which individuals may  choose to conceal their true wealth status for
the purpose of tax evasion. Our central concern has been to study how the temptation to engage in such behaviour might
be inﬂuenced by conditions in ﬁnancial markets from which individuals acquire loans to undertake business ventures. The
crux of our analysis is that, in the presence of ﬁnancial market imperfections (i.e., asymmetric information), the amount of
wealth disclosed by an individual affects the terms and conditions of the loan contract that is offered. At the same time,
the marginal beneﬁt of disclosure increases with improvements in the functioning of ﬁnancial markets, as represented by a
lower cost of ﬁnancial intermediation. In spite of its simplicity, the model produces a rich variety of outcomes as a result of
the mutual interaction between individual decision making and the aggregate economic environment. In particular, we  are
led to distinguish between three types of ﬁnancial development regime with the implication that the fraction of tax-evading
agents declines as the economy moves from a low, through an intermediate, to a high development regime. This negative
relationship between the incidence of tax evasion (or size of the underground sector) and the level of ﬁnancial development
accords well with empirical evidence.
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